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© Data transfer apparatus. 

© A data transfer apparatus wherein a signal for 
permitting or inhibiting transmission of data is out- 
putted from a master microprocessor to a slave 
microprocessor, and upon simultaneous generation 
of outgoing data in both microprocessors, even if the 
master microprocessor is placed in a reception 
ready state, the slave microprocessor recognizes it 
as a transmission request signal unless receiving a 
transmission permit signal, so that the slave micro- 
processor is set in a data reception ready state 
instead of transmitting the data. Therefore, data 
transmission from the master microprocessor alone 
is performed in such a case to consequently prevent 
collision of the respective data on a bidirectional 
data bus. 
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DATA TRANSFER APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention " 



The present invention relates to a data transfer 
apparatus for use in transmission and reception of 
data between microprocessors. 

Description of the Prior Art 



Fig. 1 shows the constitution of an exemplary 
conventional apparatus for transferring data be- 
tween microprocessors as disclosed in Japanese 
Patent Laid-open No. 60 (1 985)-21 41 38, wherein 
there are included a master microprocessor 1 and 
a slave microprocessor 2. The two microprocessors 
1, 2 are connected to each other via first and 
second control lines 3, 4 and a bidirectional data 
bus 5. Fig. 2 is a timing chart showing the oper- 
ations performed in such conventional apparatus, 
wherein (a) and (b) represent the operation of the 
control lines 3 and 4, respectively; (c) represents a 
data output from the master microprocessor to the 
bidirectional data bus 5; and (d) represents a data 
output from the slave microprocessor 2 to the 
bidirectional data bus 5. 

Now the apparatus operation will be described 
below. First, an explanation will be given with re- 
gard to the operation performed when data is trans- 
mitted from the master microprocessor 1 to the 
slave microprocessor 2. The master microproces- 
sor 1 detects whether the control line 4 is at a high 
level or not, then judges the bidirectional data bus 
5 to be available in the case of a high level (A1) 
and turns the control line 3 to a low level (A2) for 
informing the slave microprocessor 2 of an inten- 
tion for transmission of data. The slave micropro- 
cessor 2 turns the control line 4 to a low level (A3) 
after detecting such turn of the control line 3 to a 
low level, and then is set ready for reception (in a 
reception request state). In response to the recep- 
tion ready state of the slave microprocessor 2 
subsequently to turn of the control line 4 to a low 
level, the master microprocessor 1 outputs the data 
to the bidirectional data bus 5 (A4) while turning 
the control line 3 to a high level (A5). And in 
accordance with such turn of the control line 3 to a 
high level, the slave microprocessor 2 detects that 
the data on the bidirectional data bus 5 is valid, 
and receives the data while turning the control line 
4 to a high level (A6). Due to the turn of the control 
line 4 to a high level, the master microprocessor 1 
discerns termination of receiving the data by the 
slave microprocessor 2, and then releases the 
bidirectional data bus 5 (A7). 

Fig. 3 is a flow chart of the procedure carried 



out by the microprocessors in implementing the 
above-described timing chart. Steps 71 to 77 show 
the operating procedure of the master micropro- 
cessor i. A step 71 is a routine for detecting 
5 whether the bidirectional data bus 5 is available or 
not. When the control line 4 is at a low level, the 
master microprocessor 1 receives the data since it 
signifies that the slave microprocessor 2 captures 
the bidirectional data bus 5 earlier to start transmis- 
w sion of the data. In case the control line 4 is at a 
high level, the operation proceeds to a step 72, 
where the control line 3 is turned to a low level so 
that a transmission request is sent to the slave 
microprocessor 2. In a step 73, a decision is made 
75 as to whether the control line 4 is at a low level. 
And if a low level is detected, the slave micropro- 
cessor 2 is judged to be in a reception ready state, 
and then the data is outputted to the bidirectional 
data bus 5 in a step 74. Subsequently in a step 75, 
20 the control line 3 is turned to a high level, and the 
slave microprocessor 2 is thereby informed of the 
fact that the data on the bidirectional data bus 5 is 
valid. In a next step 76, a detection is executed as 
to whether the control line 4 is at a high level or 
25 not. And in the case of a high level, the slave 
microprocessor 2 is judged to have terminated 
reception of the data, and then the bidirectional 
data bus 5 is released in a step 77. 

Now a description will be given with regard to 
30 the operation performed when the master micro- 
processor 1 receives the data from the slave micro- 
processor 2. First the master microprocessor 1 
detects that the control line 4 is at a low level (B1) 
and thereby discerns the presence of a transmis- 
35 sion request from the slave microprocessor 2, and 
thereafter turns the control line 3 to a low level (B2) 
so as to inform the slave microprocessor 2 of a 
reception ready state. Then the slave microproces- 
sor 2 detects such a state and outputs (B4) the 
40 data to the bidirectional data bus 5 while turning 
the control line 4 to a high level (B3). Upon detec- 
tion of such turn of the control line 4 to a high 
level, the master microprocessor 1 discerns that 
the data on the bidirectional data bus 5 is valid 
45 and, after receiving the data, turns the control line 
3 to a high level (B5), thereby informing the slave 
microprocessor 2 of termination of receiving the 
data. And in response thereto, the slave micropro- 
cessor 2 releases the bidirectional data bus 5. 
so Fig. 4 is a flow chart of the procedure carried 

out by the microprocessor in implementing the 
above timing chart of data receiving operation. This 
flow chart also shows the operating procedure of 
the master microprocessor 1. In a step 81, a de- 
cision is made as to whether the control line 4 is at 
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a low level or not. And in the case of a low level, 
the master microprocessor 1 discerns the presence 
of a transmission request from the slave micropro- 
cessor 2 and turns the control line 3 to a low level 
in a step 82, thereby informing the slave micropro- 
cessor 2 of a reception ready state. In a step 83, a 
decision is made as to whether the control line 4 is 
at a high level or not And in the case of a high 
level, it signifies that valid data is outputted to the 
bidirectional data bus 5 from the slave micropro- 
cessor 2, so that such data is received in a step 
84. In a next step 85, the control line 3 is turned to 
a high level to inform the slave microprocessor 2 of 
termination of receiving the data. Subsequently in a 
step 86, a decision is made as to whether a pre- 
determined time has elapsed or not. And if the 
result of such decision is affirmative, the procedure 
is completed with the bidirectional data bus 5 
judged to be available. 

However, a problem arises in such conven- 
tional data transfer apparatus when there occurs 
simultaneous generation of outgoing data in both 
microprocessors 1 and 2 as represented by C1 
through C7 in Fig. 2. In such a case, the micropro- 
cessors 1, 2 confirm at a time C1 that the control 
lines 3, 4 are at a high level respectively, and then 
turn the control lines 3, 4 to a low level substan- 
tially simultaneously at a time C2. Thereafter, since 
the control lines 3, 4 are at a low level (C3), the two 
microprocessors 1 , 2 output the data simultaneous- 
ly to the data bus 5 bidirectionally as represented 
by C4. In this case, there arises a problem of data 
collision on the bidirectional data bus 5 to con- 
sequently bring about a possibility of damaging the 
respective ports of the two microprocessors 1, 2 
connected to the bidirectional data bus 5. And at a 
subsequent time C5, the control lines 3, 4 are 
turned to a high level for informing the other side of 
the fact that the data has been outputted via the 
bidirectional data bus 5. Since the control lines 3, 4 
are thus turned to a high level, it is supposed at a 
time C6 that the data reception has been com- 
pleted on the other side, whereby the bidirectional 
data bus 5 is released at a time C7. In such 
conventional data transfer apparatus, the control 
line for a transmission request is used also as the 
control line for informing the other side of a recep- 
tion ready state so as to reduce the number of 
connection lines between the two microprocessors. 
Therefore, when transmission requests are gen- 
erated simultaneously in both microprocessors, ac- 
curate data transfer fails to be performed with 
certainty, and furthermore a serious fault is induced 
as the data collide with each other on the bidirec- 
tional data bus to eventually cause damage to the 
ports of the microprocessors. 

SUMMARY OF THE INVENTION 



The present invention has been accomplished 
in an attempt to solve the problems mentioned. 
And its object resides in providing an improved 

5 data transfer apparatus which is capable of ensur- 
ing exact data transfer with certainty despite si- 
multaneous generation of transmission requests in 
both microprocessors. 

For the purpose of achieving the above object, 

io the data transfer apparatus of the present invention 
is equipped with a third control line for sending a 
data transmission permit/inhibit signal from a mas- 
ter microprocessor to a slave microprocessor. 

The above and other objects and features of 

is the present invention will be apparent in detail from 
the following description which will be given with 
reference to the illustrative accompanying draw- 
ings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the constitu- 
tion of a conventional data transfer apparatus; 

Fig. 2 is a timing chart of the operation per- 
25 formed in the apparatus of Fig. 1; 

Fig. 3 is a flow chart of the data transmission 
procedure executed by a master microprocessor in 
the apparatus of Fig. 1 ; 

Rg. 4 is a flow chart of the data reception 
30 procedure executed by the master microprocessor 
in the apparatus of Fig. 1; 

Rg. 5 is a block diagram showing the constitu- 
tion of an exemplary data transfer apparatus em- 
bodying the present invention; 
35 Rg. 6 is a timing chart of the operation per- 

formed in the apparatus of Rg. 5; 

Rg. 7 is a flow chart of the data transmission 
procedure executed by a master microprocessor in 
the apparatus of Fig. 5; and 
40 Rg. 8 is a flow chart of the data transmission 

procedure executed by a slave microprocessor in 
the apparatus of Fig. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

Hereinafter a preferred embodiment of the 
present invention will be described with reference 
to the accompanying drawings. Fig. 5 shows the 

so constitution of an exemplary apparatus embodying 
the present invention for data transfer between 
microprocessors, wherein a third control line 6 is 
additionally provided for connecting two micropro- 
cessors 1 and 2 to each other. Any other arrange- 

55 ment are the same as those of the aforementioned 
conventional apparatus. In Fig. 5, a first control line 
3 is used by the master microprocessor 1 for 
outputting a transmission request signal and a re- 



BNSDOCID: <EP 0429787A2_I_> 



EP 0 429 787 A2 



ception request signal, and a second control line 4 
is used by a slave microprocessor 2 for outputting 
a transmission request signal and a reception re- 
quest signal; and the third control line 6 is used by 
the master microprocessor 1 for informing the 
slave microprocessor 2 of permission or inhibition 
of data transmission from the latter. 

Fig. 6 is a timing chart of the operations per- 
formed in the above apparatus, wherein (a) and (b) 
represent the operation of the control lines 3 and 4, 
respectively; (c) represents a data output from the 
master microprocessor 1 to the bidirectional data 
bus 5; (d) represents a data output from the slave 
microprocessor 2 to the bidirectional data bus 5; 
and (e) represents the operation of the control line 
6, i.e. the operation of a transmission permit signal 
outputted from the master microprocessor 1 . 

Now a description will be given with regard to 
the operation performed when data is transmitted 
from the master microprocessor 1 to the slave 
microprocessor 2. First, upon generation of trans- 
mission data, the master microprocessor 1 turns 
the control line 6 from a low level to a high level 
(A1), thereby placing the slave microprocessor 2 in 
a data transmission inhibit state. Subsequently, in 
order to send a transmission request to the slave 
microprocessor 2, the control line 3 is turned to a 
low level (A2). In response thereto, the slave micro- 
processor 2 turns the control line 4 to a low level 
(A3) and is thereby placed in a reception ready 
state. Then the master microprocessor 1 detects 
such reception ready state of the slave micropro- 
cessor 2 and outputs (A4) the data to the bidirec- 
tional data bus 5 while turning the control line 3 to 
a high level (AS). Upon detection of such level turn, 
the slave microprocessor 2 discerns that the data 
on the bidirectional data bus 5 is valid, and after 
receiving the data, turns the control line 4 to a high 
level (A6). The master microprocessor 1 detects 
such level turn to consequently discern the ter- 
mination of receiving the data, and then releases 
the bidirectional data bus 5 (A7) while turning the 
control line 6 to a low level (A8), thereby releasing 
the slave microprocessor 2 from the transmission 
inhibit state. 

Fig. 7 is a flow chart of the procedure carried 
out in implementing the timing chart of such data 
transmission by the microprocessor. Rrst in a step 
31, the master microprocessor 1 turns the control 
line 6 to a high level to inhibit transmission from 
the slave microprocessor 2. in a step 32, the con- 
trol line 3 is turned to a low level to execute a 
transmission request. Next in a step 33, a decision 
is made as to whether the control line 4 is at a low 
level or not. And in the case of a low level, the data 
is outputted to the bidirectional data bus 5 in a step 
34, and thereafter the control line 3 is turned to a 
high level in a step 35 to inform the slave micro- 



processor 2 of the data output. Subsequently in a 
step 36, a decision is made as to whether the 
control line 4 is at a high level or not. And in the 
case of a high level, it signifies that the slave 
5 microprocessor 2 has completely received the 
data. Therefore the bidirectional data bus 5 is 
opened in a step 37, and the control line 6 is 
turned to a low level to release the slave micropro- 
cessor 2 from the transmission inhibit state. 
io Referring now to a flow chart of Fig. 8, a 

description will be given with regard to the opera- 
tion performed when data is transmitted from the 
slave microprocessor 2 to the master microproces- 
sor 1 . Upon generation of outgoing data, the slave 
75 microprocessor 2 makes a decision in a step 41 as 
to whether the control line 6 is at a low level or not. 
And in the case of a low level (BO), it signifies that 
data transmission to the master microprocessor 1 
is permitted. Therefore, in a step 42, the control 
20 line 4 is turned to a low level (B1) and a transmis- 
sion request is executed. Subsequently in steps 43 
and 44, decisions are made as to whether the 
control lines 3, 6 are at a low level or not. And in 
the case of a low level (B2) (B3), it is supposed 
25 that the master microprocessor 1 is set ready for 
data reception. Then the data is outputted (B4) to 
the bidirectional data bus 5 in a step 45, and the 
control line is turned to a high level (B5) in a step 
46, thereby informing the master microprocessor 1 
30 of the data output. In a next step 47, a decision is 
made as to whether the control line 3 is at a high 
level or not, and in the case of a high level (B6), it 
signifies termination of receiving the data. And fi- 
nally in a step 48, the bidirectional data bus 5 is 
35 released (B7). 

Hereinafter a description will be given with re- 
gard to the operation performed upon simultaneous 
generation of outgoing data in both microproces- 
sors -1 and 2. The slave microprocessor 2 detects 
40 that the control line 6 is at a low level (C1), and 
then confirms the state where data transmission to 
the master microprocessor is permitted. Due to 
generation of outgoing data also in the master 
microprocessor 1 immediately thereafter, the mas- 
45 ter microprocessor 1 turns the control line 6 to a 
high level (C2), thereby inhibiting data transmission 
from the slave microprocessor 2. Subsequently the 
two microprocessors 1, 2 turn the control lines 3, 4 
to a low level (C3) for executing a transmission 
so request. Then the master microprocessor 1 dis- 
cerns (C4) that the slave microprocessor 2 is in a 
reception ready state. Meanwhile the slave micro- 
processor 2 detects (C4) that the control line 3 is at 
a low level and, since the control line 6 is also at a 
55 high level (C5), the slave microprocessor 2 dis- 
cerns that the turn to a low level relative to the 
master microprocessor 1 is caused not by the 
reception ready state but by the generation of 
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outgoing data on the other side also. Accordingly 
the slave microprocessor 2 interrupts any further 
data transmission thereafter and proceeds to the 
procedure of data deception. Meanwhile the master 
microprocessor 1 successively outputs (C6) the 
outgoing data to the bidirectional data bus 5, there- 
by turning the control line 3 to a high level (C7). 
Upon detection of such turn to a high level (C8), 
the slave microprocessor 2 receives (C9) the data 
from the bidirectional data bus 5 and turns the 
control line 4 to a high level (C10). Subsequently 
the master microprocessor 1 detects (C11) such 
turn of the level and then releases the bidirectional 
data bus (C12). 

Referring now to the flow chart of Fig. 8 again, 
a description will be given with regard to the opera- 
tion of the slave microprocessor 2 performed upon 
simultaneous generation of outgoing data in the two 
microprocessors 1 and 2. In a step 41, a decision 
is made as to whether the control line 6 is at a low 
level or not. And in the case of a high level, data 
transmitting operation is inhibited. When the level 
is low, it signifies a transmission permit state, so 
that the control line 4 is turned to a low level in a 
step 42 and then the data transmission is started. 
In a step 43, a decision is made as to whether the 
control line 3 is at a low level or not. And in the 
case of a low level, the master microprocessor 1 is 
judged to be in a reception ready state. Next in a 
step 44, a decision is made as to whether the 
control line 6 is at a low level or not. And in the 
case of a high level, it signifies that the master 
microprocessor 1 has started data transmission, so 
that the slave microprocessor 2 interrupts its data 
transmitting operation and proceeds to the data 
reception. When the control line 6 is at a low level, 
the data is outputted to the bidirectional data bus 5 
in a step 45. and then the control line 4 is turned to 
a high level in a step 46. Subsequently in a step 
47, a decision is made as to whether the control 
line 3 is at a high level or not. And in the case of a 
high level, it is regarded as termination of receiving 
the data, and thereafter the bidirectional data bus 5 
is released in a step 48 to complete the data 
transmitting operation. 

According to the present invention, as de- 
scribed hereinabove, a signal for permitting or in- 
hibiting data transmission is sent from the master 
microprocessor to the slave microprocessor, and 
upon simultaneous generation of outgoing data in 
the two microprocessors, priority is given to the 
data transmission from the master microprocessor, 
hence preventing collision of the respective data on 
the bidirectional data bus to consequently ensure 
desired data transfer with certainty. 

Such transmission permit-inhibit signal is us- 
able not merely at simultaneous generation of out- 
going data in the master microprocessor but also 



upon occurrence of any synchronism error during 
the data transfer to the slave microprocessor. In the 
latter case, proper synchronism can be resumed 
by once placing the slave microprocessor in a 
5 transmission inhibit state. 

Furthermore, the bidirectional data bus is ap- 
plicable to either of serial and parallel data transfer. 



ro Claims 

1. A data transfer apparatus for transmitting and 
receiving data between a master microproces- 
sor and a slave microprocessor, comprising: 
75 a bidirectional data bus connected be- 

tween said two microprocessors and serving to 
transmit data therethrough bidirectionally; 

a first control line for sending a data trans- 
mission request signal and a data reception 
20 request signal from said master microproces- 

sor to said slave microprocessor; 

a second control line for sending a data 
transmission request signal and a data recep- 
tion request signal from said slave micropro- 
25 cessor to said master microprocessor; and 

a third control line for sending a data trans- 
mission permit/inhibit signal from said master 
microprocessor to said slave microprocessor. 

30 2. A data transfer apparatus according to claim 1 , 
wherein said bidirectional data bus is a serial 
type. 

3. A data transfer apparatus according to claim 1, 
35 wherein said bidirectional data bus is a parallel 

type. 
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FIG. 3 
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© A data transfer apparatus wherein a signal for 
permitting or inhibiting transmission of data is out- 
putted from a master microprocessor to a slave 
microprocessor, and upon simultaneous generation 
of outgoing data in both microprocessors, even if the 
master microprocessor is placed in a reception 
ready state, the slave microprocessor recognizes it 
as a transmission request signal unless receiving a 
transmission permit signal, so that the slave micro- 
processor is set in a data reception ready state 
instead of transmitting the data. Therefore, data 
transmission from the master microprocessor alone 
is performed in such a case to consequently prevent 
collision of the respective data on a bidirectional 
data bus. 
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